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PURIFICATION OF POLYREACTIVE AUTOANTIBODIES AND USES 

THEREOF 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001] This invention relates to a method to purify autoantibodies from therapeutic 
intravenous immunoglobulin preparations (IVIg); autoantibodies; IVIg free of 
autoantibodies, phamarmaceutical compositions, thereapeutical uses and method of 
treatments thereof. 

(b) Description of Prior Art 

[0002] Intravenous immunoglobulins (IVIg) are widely used in the supportive 
therapy of immunodeficient patients and in the treatment of a wide variety of chronic 
autoimmune and inflammatory diseases such as immune thrombocypo tenia purpura 
(ITP) and systemic lupus erythematosus (SLE) 1,2 . The mechanisms of action of IVIg in 
most autoimmune and inflammatory diseases are still unclear and are attracting much 
interest due to the increasing IVIg utilization and the possibility of IVIg shortages 
caused by the limitations in the volume of human source plasma that can be collected 
from donors 3 . The proposed mechanisms of action of IVIg are diversified and include 
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the inhibition of phagocytosis and the modulation of the complement system ' . The 
inhibition of phagocytosis has been observed in diseases such as ITP in which platelets 
opsonized by the pathogenic autoantibodies are no longer phagocyted shortly after the 
infusion of IVIg (reviewed in 4 ). Several mechanisms of inhibition of phagocytosis by 
IVIg have been proposed and include direct competitive blockage of the Fcy-receptors 
(FcyR) by IgG complexes present in IVIg 5 ' 6 . It has been shown recently that the IgG 
complexes present in IVIg could also inhibit phagocytosis by binding to the negative 
FcyRIIB 1 . The modulation of the complement system has been observed both in vitro 
and in vivo 2 . IgG present in IVIg or immune complexes (IC) formed in vivo following 
infusion of IVIg can interact with complement components such as Clq and C3/C4 and 
thus reduce the amount of these molecules available to induce cell destruction and tissue 
damage 2 . In both mechanisms, the infusing IVIg has to contain or to induce the 
formation of IgG complexes, which can interact with the FcyR and complement 
proteins. There has been previous work on the characterization of IgG complexes 
present in IVIg. These studies have showed that although IVIg contained mainly 
monomelic IgG (> 95%) it also contained a small but significant proportion of IgG 
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complexes, which could be involved in the in vivo inhibitory effect on phagocytosis . 
These IgG complexes could be due to idiotype (id)-anti-id interactions in the IVIg 



caused by the blending of thousands of plasma donations from different individuals 9,1 °. 
An alternative cause could be the industrial fractionation process, which could induce 
the formation of IgG aggregates 8 . It is likely that the therapeutic IVIg component in 
autoimmune and inflammatory diseases represents only a small proportion of the 
injected material. This hypothesis is consistent with the very large doses of IVIg (e.g. 
1-2 gr/kg), which are injected for the short-term therapy of several diseases (reviewed 
in n ). Characterization of the IVIg active components is important since it could permit 
to further fractionate the scarce IVIg preparations into different products for use in the 
treatment of diseases with different etiologies (e.g. immunodeficiencies and ITP). 

[0003] It is now well recognized that the immune system of healthy individuals 
constantly produces IgM and IgG antibodies that can react with self-structures. These 
autoantibodies are part of the natural antibody (NA) class, which constitute a significant 
part of the serum antibodies 12,13 . NA are often polyreactive and can react with various 
self and non-self structures such as human and animal proteins present in serum, on cell 
surfaces or in cells, and other natural or synthetic chemical structures such as DNA, 
LPS, DNP, TNP, etc. They are thought to represent the first line of defense against 
infectious agents not previously encountered. Binding of the NA can result in 
phagocytosis of the infectious agent and lead to a protective immune response 
producing high affinity and monospecific IgG antibodies. For some unclear reasons, 
the mechanisms of control of the reactivity or production of autoimmune antibodies 
may get disregulated which can result in the development of various autoimmune and 
inflammatory diseases 12 . Under normal circumstances, the reactivity and production of 
serum IgG autoantibodies are tightly regulated in order to avoid formation of IC, which 
would result in inflammation. It was shown that the activities of autoreactive IgG were 
constantly inhibited by id-anti-id interactions with antibodies of the IgM class 14-1 6 . 
This conclusion was derived from experiments in which the autoreactivity of IgG was 
shown to significantly increase after the removal of the inhibitory IgM present in serum 
by IgG purification. IVIg preparations contain mostly IgG (> 95%) with only trace 
amounts of IgM, IgA and other plasma proteins. 

[0004] It would be highly desirable to be provided with a method to purify 
autoantibodies from therapeutic intravenous immunoglobulin preparations (IVIg). 

SUMMARY OF THE INVENTION 

[0005] In accordance with the present invention there is provided a method to purify 
autoantibodies from therapeutic intravenous immunoglobulin preparations (IVIg) using 
affinity chromatography on a ligand bound to a solid support. 



[0006] The preferred autoantibodies are selected for reactivity with soluble proteins 
of human serum. 

[0007] The preferred ligand used for affinity chromatography is composed of a 
mixture of proteins present in human serum other than IgG. More preferably, the ligand 
used for affinity chromatography is composed of purified individual serum proteins, 
such as ferritin. 

[0008] Another preferred ligand used for affinity chromatography is composed of 
animal proteins or other molecules which can be recognized by the autoantibodies. 

[0009] A preferred solid support used for affinity chromatography is Sepharose or 
an equivalent thereof 

[00010] Another embodiment of the method of the present invention further 
comprises a step of recovering non- autoreactive antibodies for further processing in a 
flow-through fraction of the affinity chromatography column. 

[00011] In accordance with another embodiment of the present invention there is 
provided autoantibodies isolated from therapeutic intravenous immunoglobulin 
preparations (IVIg), which comprises substantially purified autoantibodies capable of 
forming autoimmune complexes in human serum wherein the autoimmune complexes 
are capable of binding to and activating complement in human serum. 

[00012] In accordance with another embodiment of the present invention there is 
provided the use of autoantibodies of the present invention for the preparation of a 
medicament in the treatment of autoimmune and inflammatory disorders. 

[00013] In accordance with another embodiment of the present invention there is 
provided method for the treatment of autoimmune and inflammatory disorders in a 
patient, which comprises administering a therapeutically effective amount of 
autoantibodies of the present invention to the patient. 

[00014] In accordance with another embodiment of the present invention there is 
provided a pharmaceutical composition for the treatment of autoimmune and 
inflammatory disorders in a patient, which comprises a therapeutically effective amount 
of autoantibodies of the present invention in association with a pharmaceutically 
acceptable carrier. 

[00015] In accordance with another embodiment of the present invention there is 
provided autoantibodies-free therapeutic intravenous immunoglobulin (IVIg) 
preparation, which is substantially free of autoantibodies. 



-4- 

[00016] In accordance with another embodiment of the present invention there is 
provided a pharmaceutical composition for the treatment of immunodeficiency in a 
patient, which comprises a therapeutically effective amount of the autoantibodies-free 
therapeutic intravenous immunoglobulin (IVIg). Optionally, the pharmaceutical 
composition may further comprise a protein.* 

[00017] In accordance with another embodiment of the present invention there is 
provided the use of the autoantibodies-free IVIg for the preparation of a medicament in 
the treatment of immunodeficiency. 

[00018] In accordance with another embodiment of the present invention there is 
provided a method for the treatment of immunodeficiency in a patient, which comprises 
administering a therapeutically effective amount of an autoantibodies-free IVIg to the 
patient. 

[00019] For the purpose of the present invention the following terms are defined 
below. 

[00020] The term M autoimmune and inflammatory disorders " is intended to mean a 
group of multiple diseases characterized by an autoimmune reaction to the patient cells 
or tissues which may be accompanied by an inflammatory response due to the activation 
of the complement. IVIg are used in the treatment of several of these diseases ' ' . 

[00021] The term "immunodeficiency" is intended to mean the inability of an 
individual to produce enough immunoglobulins to remain healthy. The 
immunodeficiency can be primary (no obvious causes) or secondary to another disease 
(AIDS, cancer), which impairs the production of immunoglobulins by immune cells. 
Immunodeficiency is routinely treated by monthly injection of IVIg. 

[00022] The term "polyreactive autoantibodies" is intended to mean antibodies 
produced by the immune system of an individual, which can recognize several 
structures present in the body of the individual ' . Polyreactive autoantibodies are 
produced in all individuals and deregulation of their production or of their inhibition can 
lead to the development of autoimmune and inflammatory diseases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00023] Figure 1. Reactivity of IVIg and human serum for human ferritin (A), human 
thyroglobulin (B), bovine casein (C) and DNA (D). Reactivity of IgG content from IVIg 
( • ) and human serum (■) was measured by polyreactive ELISA. 
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[00025] Figure 2. Autoreactivity of IVIg for human ferritin in presence of serum. 
Panel A: ELISA reactivity of IVIg for ferritin in absence ( ) and in presence of serum 
(25 ng/mL of IgG; ■). Panel B: Inhibition of ferritin reactivity of IVIg in presence of 
human serum. 

[00026] Figure 3. ELISA reactivity of serum proteins-Sepharose fractions for ferritin. 
IVIg (•), eluate (■) and flow through (A) fractions were serially diluted and tested in 
the ferritin-specific ELISA. 

[00027] Figure 4. Diversity of plasma proteins recognized by autoantibodies. IgG- 
depleted serum proteins were separated by SDS-Page and tested in Western blot 
experiments with total IVIg (lane 1, 6.25 ^g/mL IgG), flow-through (lane 2, 6.25 
Hg/mL IgG), SP-Sepharose eluate (lane 3, 0.625 |ig/mL IgG) and normal serum (lane 4, 
6.25 ^ig/rnL IgG). Negative control (without IgG) shows the absence of reactivity of the 
anti-human IgG-HRP conjugate. 

[00028] Figure 5. Analysis of IC isolated by 2.5% PEG precipitation. The PEG 
supernatants (grey bars) and precipitates (clear bars) obtained after PEG treatment of 
biotin-IVIg alone or biotin-IVIg-serum blend were analyzed by ELISA for IgG content 
(upper panel) and anti-ferritin reactivity (lower panel). Only the biotin-IVIg were 
detected by using a streptavidin-HRP conjugate. The results are expressed as a 
percentage of the IgG and anti-ferritin activity present in the untreated preparations. 

[00029] Figure 6. Interaction of autoIC with human complement. IVIg and purified 
autoantibodies were added to human serum and the binding of complement was 
detected using the Raji cell complement receptor 2 (CR2) assay (Panel A) and the Clq 
binding assay (Panel B). The results are expressed as the percentage of IgG positive 
Raji cells (Panel A) and jig equivalent per mL (Panel B). 

DETAILED DESCRIPTION OF THE INVENTION 

[00030] In the present work, we have tested whether the injection of large amounts of 
IVIg could overload the normal mechanisms of control of autoreactive IgG present in 
human plasma and result in transient formation of autoimmune complexes (autoIC). 
The results obtained support the hypothesis since we could detect the presence of 
autoIC in human serum containing therapeutic concentrations of IVIg. 

[00031] Intravenous immunoglobulins (IVIg) are widely used in the treatment of 
several diseases. Its mechanisms of action in most autoimmune diseases are still not 
known but inhibition of phagocytosis and of complement activation have been 
documented. The origin of the responsible immune complexes (IC) is still unclear. We 
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have studied the possibility that the addition of IVIg to serum could result in the 
formation of soluble IC due to the inability of the serum anti-idiotype IgM to inhibit the 
large amounts of infused autoantibodies present in IVIg. The results showed that serum 
could inhibit the anti-ferritin reactivity of IVIg up to a dose corresponding to two times 
the amount of endogenous serum IgG. The autoantibodies could be purified from IVIg 
by chromatography on serum-proteins Sepharose. IVIg and purified autoantibodies 
recognized a wide variety of serum proteins in Western blot experiments and were 
present in IC isolated from serum-IVIg blends. The autoantibodies and derived autoIC 
interacted with complement components as determined by the Raji cell and Clq binding 
assays. These results support a role of autoantibodies in the inhibition of phagocytosis 
and of complement activation induced by IVIg. The easy purification of the 
autoantibodies could permit to fractionate the current IVIg preparation into two 
products for use in the treatment of different diseases. 

Materials and methods 

Reagents 

[00032] Human ferritin and thyroglobulin were purchased from Calbiochem 
(LaJolla, CA) and casein, from BDH Laboratories (Toronto, Ont.). Other antigens were 
provided from Sigma (Oakville, Ont.). Human serum was prepared from blood of 
healthy individuals after informed consent. 

Purification of polyspecific autoantibodies from IVIg 

[00033] Serum was depleted of IgG by passage over a column of protein G- 
Sepharose (Life Technologies, Burlington, Ont., Canada). The IgG-depleted serum was 
dialyzed against 137 mM NaCl in 10 mM phosphate buffer, pH 7.4 (PBS) and the 
proteins were coupled to CNBr-activated Sepharose (Amersham-Pharmacia, Baie 
d'Urfe, Qc, Canada) as described by the supplier. IVIg (Gamimmune N 10%, Bayer 
Corporation, Toronto, Ont., Canada) were incubated overnight at room temperature 
with the serum proteins-Sepharose. After washing with PBS, bound IgG were eluted 
with 100 mM glycine-HCl, pH 2.5. The protein-rich fractions were dialyzed against 40 
mM glycine pH 4.5 and concentrated using centrifugation in Centricon filter units 
(Millipore, Nepean, Ont., Canada). Quantification of total protein was done with the 
Bradford assay (BioRad, Mississauga, Ont., Canada) and the IgG content was 
determined by quantitative ELISA. 

Polyreactivity ELISA 

[00034] Antigens were coated at 10 |ig/mL, except for dsDNA and histone (50 
Hg/mL), in 100 mM carbonate buffer, pH 9.7 overnight at 4°C. Uncoated sites were 
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blocked with 5 % bovine serum albumin (BSA) in 0.05 % Tween 20-PBS for 1 hour at 
37°C. After washes with 0.85% saline, samples were diluted in 1 % BSA- 0.05 % 
Tween 20-PBS and distributed into wells for 1 hour at 37°C. Bound antibodies were 
then conjugated with peroxydase-labelled goat anti-human IgG (Fc specific; Jackson 
ImmunoResearch Laboratories, West Groove, PA) and revealed with o-phenyldiamine 
(OPD) reactive (Abbott Laboratories; Abbott Park, IL). Optical densities (OD) were 
read at 490 nm with a reference wavelength of 635 nm. 

[00035] For competitive ELISA assays, we used the same technique and added a 
pre-incubation of samples to be tested. 

Polyreactive immunoblot 

[00036] IgG-depleted serum (10 (ig of protein per strip) was subjected to SDS-Page 
(10% polyacrylamide) and transferred on PDVF membrane (Millipore, Nepean, Ont.). 
Membrane was then incubated with 5% BSA in 100 mM NaCl, lOmM Tris-HCl, pH 7.4 
(TBS) buffer for 60 minutes. After washes with TBS buffer, incubations with the 
different preparations diluted in 5% BSA-TBS buffer were performed during 60 
minutes. PVDF membrane was incubated with HPR-conjugated mouse anti-human IgG 
(Fc specific; Southern Biotech, Birmingham, AL) for 60 minutes and finally revealed 
with ECL (Fisher, Nepean, Ont.). 

Isolation of IC 

[00037] IC were isolated according to a previously published method ' . Briefly, 
samples were prepared and diluted in PBS. An equal volume of 5% PEG 6000 (Sigma) 
was added to the diluted sample and incubated overnight at 4°C. The precipitate was 
then isolated by centrifugation (1500x g; 20 minutes, 4°C), washed twice with 2.5% 
PEG 6000 and dissolved by incubation for 30 minutes at 37°C in PBS containing 0.05% 
Tween 20, 10 mM EDTA and 0.01% thimerosal. IgG content was then determined by 
quantitative ELISA and reactivity for various antigens, by polyreactive ELISA. 

Complement binding assays 

[00038] The Raji cell assay which measures the complement-dependent interaction 
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of IgG with the complement receptor 2 (CR2) was performed as previously described . 
Briefly, Raji cells (1X10 cells in 1 mL of PBS-glucose) were incubated for 45 
minutes at 37°C with 12.5 ^1 of IVIg (6 mg/mL) or purified auto-IgG (150 |ig/mL) in 
presence and absence of freshly thawed human serum (diluted to contain 6 mg/mL of 
IgG). Cells were then washed twice and labelled with a FITC-mouse anti-human IgG 
(Fc specific; BD Biosciences) for 15 minutes at 4°C. Cells were fixed in 2 % 
paraformaldehyde before the determination of the percentage of IgG positive cells by 



flow cytometry analysis (FASCalibur; Becton-Dickinson, Frankin Lakes, NJ). The 
binding of IC present in the above fractions to immobilized Clq was performed using 
the CIC-EIA kit and the AGH controls from Quidel (San Diego, CA) following the 
manufacturer's instructions. The relative results are expressed as ^g equivalent per mL 
as described by the manufacturer. 

Results 

Comparative polyreactivity of IVIg and human serum 

[00039] Purified IgG have been previously shown to be more polyreactive than 
corresponding amounts of human serum 15 . To confirm this finding in our experimental 
system, we compared the polyreactivity of IVIg and human serum in ELISA done with 
similar IgG amount (25 jag/mL). The results (Table 1) indicated that the polyreactivity 
of the two preparations differed significantly. While the reactivity of IVIg and serum 
with a2-acid glycoprotein, thyroglobulin, casein, transferrin and LPS was similar, IVIg 
reacted much more strongly with other antigens such as ferritin, actin, dsDNA and 
KLH. The low reactivity of the human serum sample with these antigens was 
confirmed using sera prepared from the blood of three other donors. This result 
confirmed previous ones and showed that the components (i.e. IgM), which inhibit the 
reactivity of autoreactive IgG in serum, are not present in significant amounts in IVIg 
preparations. 



Table 1 

Comparative polyreactivity of human serum and IVIg 



ELISA reactivity 



Target 


serum 


IVIg 


Purified autoantibodies 
Polyspecific Ferritin-specific 


Human proteins 








+++ 


ct2-acid glycoprotein 


± 


± 


± 


ferritin 


0 


+++ 




+-H- 


fibronectin 


0 


0 


± 


+++ 


thyroglobulin 


0 


± 


++ 


++ 


Animal proteins 








++++ 


actin 


db 


++++ 


++++ 


casein 


+++ 


++++ 


++++ 


++++ 


histone 


± 


++ 


+++ 


++++ 


transferrin 


0 


± 


"1 1 r 


+++ 


Others 










dsDNA 


± 


+++ 


++-H- 


++++ 


KLH 


+ 


++++ 


++++ 


++++ 


LPS 


+++ 


-H-+ 


+++ 


+++ 



Polyreactivity was evaluated by ELISA using 25 ug/mL of IgG present in IVIg and human serum. The 
reactivity was quantified and compared to a scale of polyreactivity established as the following: ++++, 
more than 50 times the background O.D.; +++, between 10 and 50 times the background O.D.; ++, 
between 7 and 10 times the background O.D.; +, between 5 and 7 times the background O.D.; ±, between 
2 and 5 times the background O.D. and; 0, below 2 times the background O.D. 

[00040] In additional experiments, we compared the relative reactivity of IVIg and 
human serum with soluble human plasma proteins (ferritin and thyroglobulin) and with 
other antigens (bovine casein and DNA). The results (Figure 1) are expressed as dose 
response curves for concentrations of IgG between 0.5 |j.g/mL and 10 mg/mL. The 
results indicated that the relative differences in reactivity between IVIg and human 
serum are much more important for soluble human plasma proteins (Figure 1 A, ferritin, 
and IB, thyroglobulin) than for the two other antigens (Figure 1C, casein and ID, 
DNA). Indeed, IVIg were about 1000 fold more reactive for ferritin than human serum. 
This ratio was about 250 for thyroglobulin but only 60 for casein and about 10 for 
DNA. This difference between the human antigens and the others indicated that the 
mechanisms controlling the polyreactivity of serum antibodies are much more effective 
against autoreactive antibodies than against polyreactive antibodies recognizing 
antigens not normally present in human plasma (e.g. casein and DNA). In the following 
experiments, we used purified human ferritin as an antigen model for all the other ones 
that are present in human plasma. 
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Inhibition of IVIg anti-ferritin reactivity by human serum 

[00041] We determined the ability of a fixed volume of human serum (25 jag/mL of 
IgG) to inhibit the reactivity of increasing amounts (10 to 500 p,g/mL) of IVIg. The 
observation that the serum exhibited a very low anti-ferritin reactivity at 25 (Ltg/mL of 
IgG (Figure 1) permitted to focus on the IVIg reactivity. Results are shown on Figure 2. 
In panel A, the OD results indicated that the addition of the fixed amount of serum to 
increasing doses of IVIg resulted in a significant reduction of the anti-ferritin reactivity 
at all IVIg doses tested. The shapes of the curves obtained suggested that the inhibition 
was more important at lower doses of IVIg. Indeed, the results when expressed as a 
percentage of inhibition by serum at each IVIg dose (Figure 2B) showed that the 
inhibition was high (> 75%) up to a dose of IVIg of about 50 |ug/mL of IVIg was added. 
The inhibition then gradually decreased to reach a percentage of 40% at the maximal 
dose of IVIg tested (500 ng/mL). These results confirmed the ability of human serum 
to inhibit autoantibodies 16 and further indicated that the ability of the serum to control 
exogenously added IgG has limits. The saturating curve (Figure 2B) indicated that the 
amount of serum IgG can be increased by a factor of about 3 (25 (ag/mL of endogenous 
IgG versus 50 [ig/mL of exogenous IgG) before starting to detect a significant in vitro 
autoreactivity of the serum IVIg blend. 

Purification of autoantibodies reacting with human serum proteins 

[00042] In preliminary experiments, we observed that the small proportion of the 
antibodies (about 1%) reacting with bovine casein could be easily purified from IVIg 
using affinity chromatography on columns of casein-Sepharose. For direct relevance to 
human patients, human serum was depleted of IgG by chromatography on protein G- 
Sepharose. The serum proteins were cross-linked in bulk to CNBr-activated Sepharose, 
which was used to purify the autoantibodies present in IVIg. Although the procedure 
should purify all the autoantibodies to plasma proteins present in IVIg, we used for the 
assay of the fractions (total, flow-though and column eluate) the ferritin ELISA. 
Representative results for the anti-ferritin activity of the various fractions are shown in 
Figure 3. The affinity chromatography resulted in a very significant depletion of ferritin 
autoantibodies as shown by the shift of the flow-through curve to the right. Conversely, 
the ferritin autoantibodies were enriched in the eluate fraction as shown by the shift to 
the left. The observation that the curves had nearly linear dose-response regions at low 
OD values (< 0.4) permitted the calculation of the purification results that are listed in 
Table 2. 

Table 2 

Purification of autoreactive IgG 



- 11 - 



Fractions 


Total IgG 


Total reactivity 


Specific activity 


Purification 


Yield 




(mg) 


(U) 


(U/mg) 


(X) 


(%) 


Starting IVIg 


14.24 


172606 


12121 






Flow through 


11.30 


13831 


1224 


0.10 


8.0 


Eluate 


0.42 


136197 


327869 


27.05 


78.9 



IVIg were chromatographied on a column of Sepharose coupled to human serum proteins. The flow 
through and glycine pH 2.5 eluate fractions were recovered and analyzed for their IgG content. 
Quantification of reactivity was estimated using ELISA and human ferritin as coating antigen. One unit of 
reactivity represents the amount of IgG needed to obtain an O.D. of 0.4. 

[00043] As indicated by the ELISA results of Figure 3, the chromatography 
depleted the IVIg of more than 90% of the anti-ferritin activity. The glycine-HCl eluate 
contained about 3% of the starting IgG but more than 75% of the anti-ferritin activity. 
The calculated purification factor (27 X) is only indicative since it is likely much higher 
due to the fact that the IgG present in the eluate are expected to react with several 
plasma proteins and not only with ferritin. Thus the autoantibodies in IVIg that react 
with serum proteins can be greatly enriched by affinity chromatography. 

Diversity of serum proteins recognized by autoantibodies 

[00044] To evaluate the diversity of soluble auto-antigens present in serum, we 
performed Western blot experiments with proteins present in IgG-depleted serum. The 
serum protein blots were probed with the various fractions and the binding of antibodies 
was detected with an anti-human IgG conjugate. The results are shown on Figure 4. 
We had to perform optimisation experiments to reduce the high background level, 
which was observed with the IVIg fraction. The results obtained with IVIg showed the 
presence of major bands of different molecular weights along with a diffuse staining of 
the blot suggesting the presence of many minor autoantigens. The intense band of 65 
kilodaltons observed with all tested antibody samples corresponds to albumin and is 
most likely due to non-specific binding caused by the high albumin content of the 
blotted proteins. The affinity chromatography was effective in depleting the 
autoantibodies as seen by the absence of several bands and the clearer background. The 
purified autoantibodies reacted with several autoantigens with a pattern similar to the 
starting IVIg. Finally as expected from the ELISA results, serum IgG react only weakly 
with some of the separated proteins giving a pattern similar to the flow-through fraction 
of the affinity column. This analysis showed that the autoantibodies present in IVIg and 
in the affinity column eluate can interact with multiple proteins in human serum in 
contrast to the low reactivity of human serum. 

Soluble serum IC in presence of exogenous IVIg 
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[00045] The findings that the ferritin reactivity of IVIg was strongly inhibited by the 
presence of serum (Figure 2) and that IVIg reacted with multiple plasma proteins as 
detected in Western blot experiments (Figure 4) suggested the formation of IC in 
mixtures of serum and IVIg. This possibility was tested directly by precipitating the IC 
in presence of 2.5% PEG as previously reported 17 ' 19 . In preliminary experiments, we 
used IgG-depleted serum to ensure that the IgG present in IC originated from the added 
IVIg. Although the addition of serum strongly inhibited the reactivity of IVIg, the 
remaining reactivity of IVIg was mostly (> 60%) found in the PEG precipitate 
indicating that the added IVIg could form IC with serum proteins. A similar result was 
obtained with purified autoantibodies. To rule out the possibility that these results were 
caused by the absence of endogenous serum IgG, the experiment was repeated with 
serum and biotinylated IVIg. The total and ferritin-reactive biotin-IVIg were assayed 
using a streptavidin conjugate in order to detect only the added IVIg. The results (Figure 
5) first showed that the PEG treatment did not precipitate much IgG in the starting IVIg 
preparation (< 2 %). However, almost 20 % of the IVIg added to the serum was found 
in the PEG precipitate. As to the ferritin reactivity, most of the anti-ferritin IgG were 
found in the PEG supernatant of IVIg. In the experimental conditions used, the addition 
of serum resulted in a 50 % inhibition of IVIg reactivity with ferritin. But the PEG 
precipitate contained almost two times more ferritin reactivity. This result indicated the 
formation of soluble IC containing exogenously added IVIg in mixtures of serum and 
IVIg. A consistent observation in these experiments was the fact that the combined 
ferritin reactivity of the two PEG fractions was higher that the one of the starting serum- 
IVIg mixture. This result suggested that the reactivity of the soluble IC with ferritin was 
increased following their isolation by PEG treatment. 

Interactions of IVIg and purified auto-IgG with complement components in presence of 
human serum 

[00046] The soluble IC formed in human serum by IVIg and purified auto-IgG could 
interact with complement components and consequently reduce the amount of 
complement components available for pathogenic effects. The interaction with 
complement components was studied using two established assays. The Raji cell CR2 
assay measures the cell uptake of IC through the CR2. The results obtained (fig 6, panel 
A) indicated a very low percentage (<4%) of IgG-positive cells after incubation with 
either serum, TVIg, purified auto-IgG or a mixture of IVIg and serum. However 
incubation in presence of a mixture of purified auto-IgG and serum resulted in strongly 
IgG positive Raji cells (about 75 %) indicating that the ability of the auto-IgG- 
containing IC to interact with complement components is significantly higher that the 
one of the IC formed with IVIg. The commercial Clq binding assay measures the 
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relative amount of IgG complexes that can bind to immobilized Clq. The results 
obtained with the above fractions (fig. 6, panel B) showed the binding of a significant 
amount of IgG in presence of IVIg alone and of the mixture of IVIg and serum. 
However the presence of the auto-IgG fraction resulted in much more bound IgG (4-6 
X). The binding of an even higher amount of IgG in presence of isolated IVIg and auto- 
IgG fractions indicated that the polyreactive IgG present in IVIg and purified auto-IgG 
may directly bind the Clq molecule. Finally it should be pointed out that the higher 
reactivity of the purified auto-IgG in the two assays compared to IVIg was obtained in 
presence of a 40 times lower dose of IgG with the purified auto-IgG fraction (0,15 
mg/mL versus 6 mg/mL for IVIg). 

Poly specificity of ferritin autoantibodies 

[00047] To determine if the autoantibodies reacting with various serum proteins 
(Figure 4) and present in IC (figure 5) are polyspecific or represent a mixture of more 
monospecific antibodies, we purified the ferritin-specific autoantibodies from IVIg 
using chromatography on ferritin-Sepharose. The procedure resulted in a 100-fold 
purification of ferritin autoantibodies and was efficient since the flow through fraction 
contained less than 5 % of the ferritin antibodies present in the starting IVIg. The 
polyspecificity of the purified anti-ferritin and anti-serum proteins was compared in 
ELISA using the antigen panel used above. The results (Table I) showed that the 
purified anti-serum proteins had a pattern of reactivity similar to the starting IVIg. The 
ferritin-specific autoantibodies reacted strongly with all tested structures including three 
other human serum proteins (ot2-acid glycoprotein, fibronectin and thyroglobulin). This 
polyspecific reactivity was confirmed in Western blot experiments in which we 
observed, with anti-ferritin autoantibodies, a pattern of bands similar to the ones 
obtained with IVIg and purified anti-serum proteins (Figure 4). Thus, the ferritin 
autoantibodies are polyspecific indicating that they could form IC containing several 
serum proteins. 

Discussion 

* 

[00048] Our results show that the addition to human serum of doses of IVIg similar 
to the ones observed in the plasma of IVIg-treated patients, resulted in the formation of 
IC with soluble plasma proteins. These IC were apparently formed because the added 
amounts of purified IgG exceeded the ability of serum IgM to inhibit the autoreactive 
IgG through id-anti-id interactions. These reactive autoantibodies could be conveniently 
purified from IVIg through affinity chromatography on immobilized serum proteins or 
ferritin. Furthermore, the soluble IC were shown in in vitro assays to interact with 
complement proteins. Additional work is necessary to better characterize the biological 
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activity of the autoantibodies but these results permit to draw some conclusions about 
the possible involvement of the autoIC in the modes of action of IVIg in diseases 
characterized by modulation of FcyR functions and of complement activation. 

[00049] Previous work on the modulation of FcyR functions by IVIg has been 
focussed mainly on id-anti-id interactions, which could lead to the formation of IgG 
complexes 14 " 16 : Our finding that such complexes could also be formed by interaction of 
autoantibodies and soluble plasma proteins reveals an additional source of IgG 
complexes, which could have increased FcyR modulating activity. Indeed the autoIC are 
expected to have a larger size and contain several IgG molecules for more efficient 
interaction with FcyR. Additional structural characterization of the autoIC will permit to 
confirm this hypothesis. Plasma IC have been observed in many autoimmune diseases 19 
but the possible formation of soluble IC containing IVIg and plasma proteins has not 
been much studied so far. It is possible that these IC are rapidly cleared from circulation 
after interaction with FcyR-bearing cells. However, there is evidence that autoIC may be 
involved in the therapeutic effects of IVIg in some diseases. The reactive macrophage 
activation syndromes are characterized by a massive increase in plasma ferritin level (up 
to 10 mg/mL instead of < 1 |ig/mL in healthy individuals). It was recently reported that 
the successful treatment of this disease by injection of large doses of IVIg (0,5-1 gr/kg) 
was related to the immune clearance of ferritin, which could be detected in plasma IC 
the day after IVIg injection 21 . Our results on the inhibition of IVIg autoreactivity by 
serum support an involvement of autoIC in the mode of action of IVIg in other diseases. 
Large doses of IVIg (1-2 gr/kg) are used in the treatment of autoimmune and 
inflammatory diseases (reviewed in u ). Our results are in agreement with a previous 
study 15 showing that the autoantibody inhibitory IgM present in serum must first be 
saturated before exogenously added IgG can form autoIC. The results (Figure 2) 
indicated that the autoreactivity of added IVIg is detected only after addition of a dose 
of IVIg containing about two times the endogenous amount of serum IgG. At this ratio, 
it is expected that the formation of autoIC would be optimal since further addition of 
autoantibodies results in proportional increase in ELISA reactivity of the serum-IVIg 
blend. The observed 2:1 proportion is similar to the plasma IgG increase observed in 
patients treated with about 1 gr/kg of IVIg. 

[00050] Modulation of complement activation by IVIg has been shown to play a role 
in the therapeutic effect of IVIg in several inflammatory diseases. The results obtained 
in the in vitro assays indicate that the autoantibodies present in IVIg may play a role in 
this modulation. Indeed in the Raji cell binding assay which detects the presence of 
complement components in IgG complexes, only the mixture of purified autoantibodies 
and serum was highly reactive indicating that the soluble autoIC formed may interact 



with complement components. The results of the CI q assay showed the strong binding 
of purified autoantibodies in presence and absence of serum. It remains to be seen if the 
binding in absence of serum is due to the presence of IgG complexes in purified 
autoantibodies or to the recognition of the Clq molecule by the polyreactive 
autoantibodies. A consistent observation in the above assays was the increased 
reactivity of the purified autoantibodies compared with proportional amounts (40 times 
more IgG) of IVIg. The reason for this difference is unclear but it could indicate that the 
purification process removes some inhibitory molecules present in the IVIg 
preparations. The beneficial effects of IVIg in inflammatory diseases is thought to be 
dependent of its ability to scavenge complement fragments such as C3b and C4b, thus 
preventing their deposition in the tissue targeted by the pathogenic process . The above 
results are consistent with this mechanism and further indicate that the autoantibodies 
present in IVIg may be involved in this process by interacting with activated 
complement components either directly or through the formed autoIC. 

[00051] The chromatography of IVIg on immobilized serum proteins yielded an 
eluted fraction enriched in autoantibodies, which recognized a similar diversity of serum 
proteins on Western blots similar as the starting IVIg. The observation that purified 
ferritin autoantibodies are polyreactive and could bind to the three other serum proteins 
tested is significant in terms of the efficiency of the formation of IC after injection of 
IVIg. It suggests that the autoantibodies can rapidly form heterogeneous IC containing 
various plasma proteins. The high diversity of recognized plasma proteins also indicates 
that the formation of IC is less likely to result in immune depletion of certain plasma 
proteins in IVIg-treated patients. The purification results raise the interesting possibility 
of further fractionating the current IVIg preparations into two products. The flow- 
through of the column, which contains more than 95% of the starting IgG, is likely to 
represent IgG reacting with non-self structures and could be used to support 
immunodeficient patients. In this regard, the monthly infusion of IVIg in those patients 
is known to cause mild but significant adverse side effects in the first day following 
injection. It remains to be seen if removal of autoantibodies in IVIg could reduce the 
severity of these side effects. A rare but serious adverse effect of IVIg injection is 
anaemia resulting from the immune destruction of the patient red blood cells caused by 

22 

the uptake of circulating IC by the complement receptor present on red blood cells . 
The origin of the pathogenic IC has remained unclear. It is tempting to speculate that 
these patients may have a reduced ability to inhibit a portion of the infused 
autoantibodies resulting in the formation of a higher amount of IC. The second fraction 
prepared by chromatography is the autoantibody eluate, which represents only about 3% 
of the starting IgG. This fraction could be useful in the treatment of the diseases in 



which IVIg have immunomodulatory roles or inhibit phagocytosis. Further 
characterization of the biological activity of the purified autoantibodies using in vitro 
(e.g. inhibition of phagocytosis 23 ) and in vivo (e.g. passive murine model of ITP 24 ) 
assays will permit to obtain the data, which could support the development of clinical 
trials in patients. These studies will reveal whether the non-autoreactive IgG present in 
the flow-through fraction are important for the formation of IC in vivo. It is possible that 
these IgG contribute in the saturation of the autoantibody inhibitory mechanisms present 
in serum. In this situation, the dose of autoantibodies necessary to obtain therapeutic 
effects could be proportionally much larger. However, preliminary works suggest that 
this is not the case since the amount of purified ferritin autoantibodies necessary to 
overcome the serum inhibition was found to be about 50 times less that the amount 
observed with starting IVIg (Figure 2). This observation indicated that, although the 
inhibitory anti-id present in serum are likely to be polyreactive, they are not able to 
inhibit all autoantibodies. 

[00052] In conclusion, our results contribute to a better understanding of the 
mechanisms of action of IVIg in autoimmune and inflammatory diseases and could lead 
to refinements in the clinical use of IVIg through preparation of IVIg sub-products for 
different classes of diseases. This possibility would represent a significant advance in 
ensuring the future supply of IVIg, which is currently threatened by the continuous 
increase in clinical indications and market demand and by difficulties in collecting more 
donor-derived plasma for production of additional IVIg. 

[00053] While the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further modifications 
and this application is intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the invention and including such 
departures from the present disclosure as come within known or customary practice 
within the art to which the invention pertains and as may be applied to the essential 
features hereinbefore set forth, and as follows in the scope of the appended claims. 
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